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DESCRIPTION 

METHOD OF EXPP^SSING GENE IN TRAI>fSGSNIC BIRDS USIN G 
^RETROVIRUS VECTOR AND TRANSGENIC BIRDS THUS OBTAINED 

TECHNICAL FIELD 
The present invention relates to a GO transgenic 
chimera bird producing an antibody, for excimple an scFv-Fc 
antibody, in blood and eggs. Moreover, the invention 
relates to a production method of an antibody which 
comprises producing a GO transgenic chimera bird introduced 
an exogenous .antibody gene with a replication-defective 
retrovirus vector, and recovering an antibody produced in 
blood, albumen, or egg yolk. Furthermore, the present 
invention also relates to a production method of a GO 
transgenic chimera bird efficiently expressing a transgene, 
and the GO transgenic chimera bird obtainable by said 
production method. 

BACKGROUND ART 

As a means of research for gene functions, researches 
on transgenic animals incorporated with an exogenous gene 
in the host have been actively conducted. These transgenic 
animals are useful not only in fundamental research, but 
also in industrial applications such as breed improvement, 
substance production, and donors for replacement organs. 
An attempt for causing milk of cows, goats, sheep, etc. to 
produce a biologically active substance has been 
approaching to practical use. As typical examples thereof, 
al-antitrypsin and antithrombin are now in clinical stage 
objecting for applications in pharmaceutical products. 

Poultries, typically quails and chickens, have long 
been bred for meat and eggs they lay, thus various 
approaches regarding breed improvement such as disease 
tolerance and flesh improvements objecting for transgenic 
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research are also presumable. In addition, since birds 
require short period for reaching sexual maturation and can 
be raised in small spaces, they are thought as lev; cost 
protein expression systems and expected for their 
5 - transgenic production as a production means of antibody 
pharmaceutical products and rare protein. Since bird eggs 
contain a large amount of protein and are laid every day, 
they are thought to become an efficient production system 
if a transgenic product can be systematically produced as a 

10 recombinant protein in eggs. 

As for monoclonal antibodies, which have been placed 
on market in many items and have attracted attention as 
pharmaceutical products in recent years, the market 
diffusion thereof is prevented since they cannot be 

15 produced in a cheap expression system such as Escherichia 
coli, and the unit value thereof is expensive. Meanwhile, 
bird cells have functions for constituting an antibody 
protein, and transgenic birds can be expected as a 
production means of an antibody for medical applications, 

20 etc., which have conventionally been difficult to be mass- 
produced. Furthermore, these protein products are thought 
to have high possibility for having advantageous 
characteristics for the applications in medicine and 
testing agent such as improved stability in blood by being 

25 given a sugar chain by bird cells. 

As described above, transgenic birds are expected for 
the applications as production means of useful protein, but 
on the other hand, regardless of various attempts which 
have so far been conducted, a case successfully 

30 accumulating an intended recombinant protein in a bird egg 
at a practical level is not found yet. Furthermore, a case 
successfully producing transgenic birds expressing a 
protein having a conformation comprising a plurality of 
units such as an antibody at high concentration is. also not 

35 found yet. 
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Harvey et al . (Harvey, A. J et al, (2002) Nature 
Biotechnology. 19, 396) produced a GO transgenic chimera 
chicken using a vector derived froiu Avian Leukosis Virus 
and introducing (5- lactamase gene into a chicken, but the 
5 amount of enzyme expression to seriam or egg was as much as 
about 50 to 250 ng/ml . Gl to G3 transgenic chimera 
chickens produced by mating the GO transgenic- chimera 
chickens increased in the amount of enzyme expression by 
introducing genes into whole somatic cells, but the 

10 increased level remains as much as about several pg/ml, 
thus they are still far from practical application. 

Generally, for producing a transgenic animal, a 
method comprising microinjecting DNA to a pronucleus of a 
fertile egg is used, but this method cannot be applied to 

15 birds. That is because it is difficult to obtain an embryo 
of one-cell stage, and even if it can be obtained, there is 
no technology for distinguishing the nucleus in the egg. 
For obtaining the embryo of one-cell stage, it is necessary 
to obtain an egg immediately after fertilization from an 

20 oviduct of a female bird, and to develop the egg normally. 
In recent years. Perry established a system for obtaining a 
hen precleavage cell and culturing the cell outside the 
body (Perry, M. M (1988) Nature, 331) . However, even with 
this technology, it is impossible to distinguish the 

25 nucleus within the egg and to introduce an intended gene 
into the nucleus . 

Therefore, gene introduction to a bird fertile egg 
has been restricted to DNA injection to cytoplasm, and use 
of DNA inclusion lipid bilayer (liposome) , a calcium 

30 phosphate method or an electroporation method have been 
attempted. However, with these technologies, the gene 
introduction efficiency is poor, and the possibility of the 
introduced plasmid DNA being introduced into a chromosome 
is low. Although the gene introduction method by 

35 microinjection can efficiently transfer an intended DNA to 
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a fertile egg, since the introduced plasmid DNA is not 
incorporated into a host chromosome, the transgene plasmid 
is omitted accompanied by somatic cell division of the host, 
thus the stable gene introduction effect cannot be desired. 
5 In 1986, the production example of a transgenic 

chicken using a retrovirus vector was for the first time 
reported (Salter, D. W et al. (1986) Poultry Sci-, 65). 
The technology of injecting a retrovirus vector into a 
fertile egg by the microinjection method is a technology 
10 high in gene introduction efficiency, and for the birds to 
which DNA cannot be directly injected into the nucleus, 
that is the only one practical method for producing stable 
transgenic inserted with an intended gene into the 
chromosome. 

15 The present inventors have made intensive 

investigations, and as a result, they found a production 
method of a transgenic bird comprising using a safe 
replication-defective virus vector which is also applied 
for gene therapy, and efficiently introducing an intended 

20 gene (Japanese Kokai Publication 2002-176880) . By this 
method, it became possible to safely and efficiently 
produce a transgenic bird having a plurality of transgene 
copies. Moreover, it was also found that the transgene is 
transmitted to the next generation at high efficiency by 

25 this technology, and the use of a transgenic bird as a 

substance production system has approached to practical use. 

However, since most of the genes introduced at this 
time is inactivated by the host (called gene silencing) at 
an early stage of development, the protein production 

30 amount as a result of gene expression was very small. 

Although the biological mechanism of transgene inactivation 
has not been clarified yet, a technology of preventing this 
inactivation and efficiently expressing an intended gene is 
indispensable for the application development of a 

35 transgenic bird. 
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SUMMARY OF THE INVENITON 
For specifying the tinie of the gene/ which. has been 
introduced to a fertile egg using a retrovirus vector, 
5 being inactivated after the generation, the present 

inventors studied how the expression amount changes by 
introducing a vector at various stages after the 
fertilization using a (S-galactosidase expression gene as an 
indicator. As a result, they found that the expression 

10 amount of the transgene significantly changes depending on 
the time when said gene is introduced during the embryo 
development. Thus, the invention has been completed. That 
is, the inactivation of the transgene is remarkable 
relative to the gene introduced immediately after the 

15 spawning, and expression frequency of the gene introduced 
after the lapse of a certain period of time after the 
spawning is high. 

The present inventors used this notice, and found 
that if an exogenous gene is introduced to an early embryo 

20 after the lapse of specific time from the start of the 
incubation, which is dependent on the bird species, it 
becomes possible to efficiently express an intended gene 
without the influence of the inactivation by a host. 

Furthermore, when the inventors produced a vector 

25 incorporated with a gene encoding a chimera antibody useful 
as pharmaceutical products, e.g. an scFv-Fc (single chain 
antibody) , and introduced the vector to a quail to produce 
a GO transgenic chimera bird by this method, it was found 
that an antibody derived from the transgene is expressed at 

30 high concentration in blood, albumen and egg yolk. 

That is, the first aspect of the present invention 
relates to 

a production method of a GO transgenic chimera bird 
which comprises incubating a bird fertile egg, 
35 infecting an early embryo after and exclusive of a 



blastodermal period immediately after the spawning (stage 
X) with a replication-defective retrovirus vector, . and then 
hatching the erabryc, and 

a GO transgenic chimera bird produced by said method. 
5 The second aspect of the present invention relates to 

a GO transgenic chimera bird 

which is introduced an exogenous antibody gene with a 
replication-defective retrovirus vector, and 

produces an antibody derived from a transgene in at 
10 least one of blood, albumen, and egg yolk. 

The third aspect of the present invention relates to 

a production method of an antibody 

which comprises producing the above GO transgenic 
chimera bird, and recovering the antibody from blood and/or 
15 an egg of said GO transgenic chimera bird. 

It was confirmed that the expression of a transgene 
by the GO transgenic chimera bird of the present invention 
is maintained even when the GO transgenic chimera bird 
grows to the adult bird. Therefore, by the invention, it 
20 becomes possible to construct a practical production system 
which comprises introducing a specific gene into a bird, 
and producing an intended protein even after growing. 
Moreover, the transgene of the GO transgenic chimera bird 
produced by the invention is transmitted to the next 
25 generation at high transmission efficiency by mating. 

Since the transgene is transmitted to the next generation 
in the form incorporated in the chromosome, the production 
system by a transgenic bird can provide stable substance 
production. 

30 By the invention, the intended protein produced in a 

somatic cell of the transgenic bird is secreted in blood, 
and can be used by the separation from serxam. 

Furthermore, the inventors also found that an 
antibody having the constant region belonging to class 

35 human IgG and an antibody having the constant region of 
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quail IgG, chicken IgG or mouse IgG are efficiently 
transmitted from blood to eggs in quails and chickens. 
When the antibody having these constant regions is 
expressed in the GO transgenic chimera bird produced by the 
5 method of the invention, the antibody secreted in blood is 
accumulated at high concentration in eggs. 

When the intended protein is acquired by introducing 
a gene to transgenic animals, in mammals, the protein is 
generally secreted in milk and recovered, but in a 

10 transgenic bird, an object is accumulated in eggs, and 

recovered and purified from albiomen and egg yolk thereof. 

In hen's egg and the like, 30% of the whole component 
is a protein, and the protein occurring as the main 
component is ovalbumin. Conventionally, as a method for 

15 expressing a recombinant protein in transgenic bird eggs, a 
view of using an expression promoter of ovalbumin and the 
like, incorporating a gene coding for an intended protein 
in the downstream, and expressing an object in albumen in 
lieu of ovalbumin has been taken. 

20 However, in the method of the invention, it becomes 

possible to cause secretion of an antibody expressed in a 
large amount e.g. said IgG class antibody, etc. under the 
control of a constitutive promoter, e.g. chicken |3-actin 
promoter, etc. in blood to accumulate thereof in eggs. In 

25 this description,, the constitutive promoter refers to a 
promoter systemically expressed. 

In addition, for specifying the essential part for 
transition into eggs among the antibody structures, 
modified antibodies. Fab and Fc fragments, were inoculated 

30 into quail and chicken blood to test the transition ability 
into eggs. As a result, Fc fragment was accumulated in 
eggs, and it was suggested that the antibody transition 
into eggs are carried out through Fc receptor. 

From that notice, as a method for universally using 

35 the production method of an antibody by a transgenic bird 



in eggs as a general production method of protein, 
presiimable is a production method comprising designing a 
vector producing a protein having the structure of human 
IgG constant region (Fc) being fused, producing a 
5 transgenic bird, recovering a protein containing an object 
from eggs, and cutting the Fc portion to purifying the 
ob j ect • 

Furthermore, conventionally, when an antibody was 
produced using a mammalian transgenic animal, the problem 

10 of difficulty in separating and purifying the autoantibody 
occurring in the production animal and an intended antibody 
has been pointed out. As an advantage of the antibody 
production method using a bird as the production animal, 
there may be mentioned an easiness of separation of the 

15 autoantibody of the bird and intended recombinant antibody 
since the autoantibody is not adsorbed on protein A and 
protein G columns. 

As mentioned above, although a human monoclonal 
antibody is useful as a pharmaceutical product, there is 

20 only an expensive production means which use an animal cell 
culture or mouse ascitic fluid, and its high unit value 
prevents market diffusion thereof. 

In recent years, an scFv (single chain antibody) in 
which only V regions of H chain and L chain of the antibody 

25 are bonded with a linker sequence by gene engineering 

technique is produced, and this has an advantage of being 
producible by Escherichia coli so that attracts attention 
in view of costs. However, these proteins called low 
molecular antibodies are low in stability in blood, thus 

30 are difficult in the practical utility as therapeutic and 
testing uses. 

Although an scFv-Fc, which is producible by bonding 
an Fc region to an scFv, is stable also in blood and is 
considered to be more practical, it cannot be produced by 
35 Escherichia coli, and can be supplied only by a bioreactor 



using an animal cell. A humanized scFv-Fc, which is 
producible by bonding a human Fc to the scFv having a 
binding region produced by other animal such as chicken, 
has promise also for therapeutic uses. When this protein 
5 can be mass-produced by the GO transgenic chimera bird of 
the invention, its availability is high. 

The GO transgenic chimera bird of the invention can 
be applied to the mass-production of the antibody protein 
that can be produced only in a small amount by the 

10 conventional manner, i.e. a recombinant antibody such as an 
scFv-Fc, chimera antibody, human monoclonal antibody, etc. 
at low cost, and to use thereof by practically recovering 
and purifying. 

Thus, in the present invention, a production method 

15 of efficiently expressing a transgene in the GO transgenic 
chimera bird using a retrovirus vector is disclosed. Also 
disclosed in the invention is a production method of a GO 
transgenic chimera bird producing an intended useful 
protein in bird somatic cells by introducing a specific 

20 gene. Further disclosed in the invention is a protein 
production system low in the production cost which 
comprises causing bird cells to produce substances useful 
as pharmaceutical and testing products such as a 
monochronal human type antibody, chimera antibody, scFv-Fc 

25 antibody, and functional protein having a complicated 

confirmation, which cannot be conventionally produced by 
Escherichia coli, etc., and utilizing thereof by recovering 
from serum and blood. 

Furthermore, it is also presumable to provide a 

30 technology of modifying domestic fowls in a preferable way 
by applying the production method of a GO transgenic 
chimera bird of the present invention and a modified bird. 
As the characteristics of domestic birds, improved flesh 
quality, improved disease resistance, improved growth rate, 

35 and the like are preferred- Birds also have various 
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demands for pets, and the production method of the 
invention can also be applied as a means for breed, 
improvement to preferable characteristics for pets such as 
improvement in feather colors and decrease in 
5 aggressiveness in a short period. 

Furthermore, usually, transgenic production of 
mammals, amphibians, fishes, and the like is currently 
carried out by a nuclear transfer, but the invention is 
also applicable as a new alternative efficient technology 

10 of transgenic animal production. 

That is, the present invention relates to a GO 
transgenic chimera bird which is introduced an exogenous 
antibody gene with a replication-defective retrovirus 
vector, and produces an antibody derived from a transgene 

15 in at least one of blood, albumen, and egg yolk. The 

constant region of the above antibody is preferably a class 
belonging to human IgG, subclass belonging to hioman IgGl, 
quail IgG, chicken IgG, or mouse IgG. The above antibody 
gene is preferably controlled by a constitutive promoter, 

20 and the above constitutive promoter is preferably chicken 
p-actin promoter. The above retrovirus vector is 
preferably a vector derived from Moloney murine leukemia . 
virus, and a VSV-G pseudo type one is preferred. The GO 
transgenic chimera bird of the invention is preferably a 

25 chicken or quail. The above antibody is preferably a 

chimera antibody, and the production amount of the above 
chimera antibody is preferably not less than 0.5 ]xg/ml, 
more preferably not less than 5 ug/ml in blood. In albumen, 
it is preferably not less than 0.1 ^g/ml, more preferably 

30 not less than 1 vig/ml, and in egg yolk, it is preferably 
not less than 0.1 pg/ml, more preferably not less than 1 
Vig/ml • The above antibody is preferably an scFv-Fc 
antibody, and the production amount of said scFv-Fc 
antibody is preferably not less than 20 \xg/ml, more 

35 preferably not less than 2000 \xq/ml in blood. In albumen. 



it is preferably not less than 5 \iq/ml, more preferably not 
less than 500 \ig/ml, and in egg yolk, it is preferably not 

A production method of an antibody comprising producing the 
5 GO transgenic chimera bird of the invention, and recovering 
the antibody from blood and/or eggs of said GO transgenic 
chimera bird is also one aspect of the invention. 

A production method of a GO transgenic chimera bird 
which comprises incubating a bird fertile egg, infecting an 

10 early embryo after and exclusive of a blastodermal period 

immediately after the spawning with a replication-defective 
retrovirus vector, and then hatching the embryo is also one 
aspect of the invention- In the production method of a GO 
transgenic chimera bird of the invention, the time of 

15 infecting a replication-defective retrovirus vector is 
preferably after 24 hours or more from the start of the 
incubation. The method of infecting a replication- 
defective retrovirus vector preferably comprises 
microinj ecting the vector into a heart or blood vessel 

20 formed in an early embryo. The above heart or blood vessel 
is preferably formed in the early embryo after 24 hours or 
more from the start of the incubation. As for the activity 
of the replication-defective retrovirus vector to be 
microinj ected, the vector preferably has the titer of not 

25 less than 1 x 10^ cfu/ml, more preferably not less than 1 x 
10® cfu/ml, and still more preferably not less than 1 x 10^ 
cfu/ml. The above retrovirus vector is preferably a vector 
derived from from Moloney murine leukemia virus, and a VSV- 
G pseudo type one is preferred. The GO transgenic chimera 

30 bird produced by the invention is preferably a chicken or 
quail- The transgene incorporated into the above 
replication-defective retrovirus vector preferably contains 
a gene sequence not derived from a retrovirus. The above 
gene sequence not derived from a retrovirus is preferably a 

35 gene sequence controlled by chicken (5-actin promoter, and 



is preferably a gene sequence coding for an antibody gene 
or fusion protein gene. The above antibody gene is 
preferably a chimera antibody gene^ and an scFv-Fc antibody 
gene is preferred. 
5 The GO transgenic chimera bird produced by the 

production method of a GO transgenic chimera bird of the 
invention is also one aspect of the present invention* 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1 shows the structure of vector construct 

pMSCVNAAp of a replication-defective retrovirus vector. 

Neo^ represents a neomycin resistance gene and Amp^ 

represents an ampicillin resistance gene. Paaci represents 

a P~actin promoter gene. p-Gal represents a (J- 
15 galactosidase expression gene. W+ represents a packaging 

signal sequence. 5'LTR and 3'LTR each represents a long 

terminal repeat sequence of MoMLV. 

Fig. 2 shows the relation between the introduction 

time of a gene and p-galactosidase activity expression in a 
20 GO transgenic chimera quail. The horizontal axis shows 

incubation time (hr) , and the vertical axis shows the p- 

galactosidase activity expressed in mUnit/mg. 

Fig. 3 shows the relation between the introduction 

time of a gene and the p-galactosidase activity expression 
25 in a GO transgenic chimera chicken. The horizontal axis 

shows incubation time (hr) / and the vertical axis shows the 

p-galactosidase activity expressed in mUnit/mg. 

Fig. 4 shows the relation between the titer of the 

introduced retrovirus vector, and the p-galactosidase 
30 activity expression in a GO transgenic chimera quail- The 

horizontal axis shows the virus titer expressed in cfu/ml, 

and the vertical axis shows the p-galactosidase activity 

expressed in mUnit/mg. 

Fig. 5 shows the relation between the titer of the 
35 introduced retrovirus vector, and the p-galactosidase 
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activity expression in a GO transgenic chimera quail. The 
horizontal axis shows the virus titer expressed in cfu/ml, 
and the vertical axis shows {i-galactosidase activity 
expressed in mUnit/mg. 
5 Fig. 6 shows human IgG antibody accumulated in quail 

eggs. The antibody value shows the average value of the 
same experiment result carried out with three- quails. 

Fig. 7 shows human IgG antibody accumulated in 
chicken eggs. The antibody value shows the average value 
10 of the same experiment result carried out with three 
chickens . 

Fig. 8 shows Fab fragment accumulated in quail eggs. 
The antibody value shows the average value of the same 
experiment result carried out with three quails. 
15 Fig. 9 shows Fab fragment accumulated in chicken eggs. 

The antibody value shows the average value of the same 
experiment result carried out with three chickens. 

Fig. 10 shows Fc fragment accumulated in quail eggs. 
The antibody value shows the average value of the same 
20 experiment result carried out with three quails. 

Fig. 11 shows Fc fragment acciamulated in chicken eggs. 
The antibody value shows the average value of the same 
experiment result carried out with three chickens. 

Fig. 12 shows the structures of anti-CD2 antibody 
25 expression vector constructs pMSCV/GAAL (Fig. 12(A)), 

pMSCV/GZ\AH (Fig. 12 (B) ) , and pMSCV/GAALIH (Fig. 12 (C) ) . 
Amp'^ represents an ampicillin resistance gene. P/yvct 
represents a (J-actin promoter gene. W+ represents a 
packaging signal sequence. GFP represents a green 
30 fuluorescent protein gene. L represents an anti-CD2 
antibody light chain gene. H represents an anti-CD2 
antibody heavy chain gene. 5'LTR and 3'LTR each represents 
a long terminal repeat sequence of MoMLV. 

Fig. 13 shows the structure of scFv-Fc antibody 
35 expression vector construct pMSCV/GZ!lA.scFv-Fc . Amp^ 
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represents an ampicillin resistance gene. P^Act represents 
a p-actin promoter gene. W-^ represents a packaging signal 
sequence. GFP represents a green fuluorescent protein gene. 
scFv-Fc represents an scFv-Fc antibody gene. 5'LTR and 
5 3'LTR each represents a long terminal repeat sequence of 
MoMLV. 

Fig. 14 shows the amount of scFv-Fc expressed in GO 
transgenic chimera quail serum. The horizontal axis shows 
the individual number/ and the vertical axis shows the 
10 concentration of an scFv-Fc antibody []xg/ml) . 

Fig. 15 shows the amount of an scFv-Fc expressed in 
GO transgenic chimera quail eggs. The horizontal axis 
shows the date of egg collection from the start of spawning, 
and the vertical axis shows the concentration of an scFv-Fc 
15 antibody (lag/ml) . 

Fig. 16 shows the analysis result of purified scFv-Fc 
by SDS-PAGE. The lane 1 shows low molecular-weight marker 
(LMW) , and the lane 4 shows high molecular-weight marker 
(HMW) . The lane 2 and lane 3 show the electrophoresis 
20 results of an scFv-Fc subjected to reduction treatment and 
scFv-Fc which is not subjected to reduction treatment, 
respectively. 

DETAILED DESCRIPTION OF THE INVENTION 
25 Hereinafter, the present invention is described in 

detail . 

The GO transgenic chimera bird of the invention is 
the bird introduced an exogenous antibody gene with a 
replication-defective retrovirus vector, and produces an 
30 antibody derived from a transgene in blood, albumen, or egg 
yolk. 

The bird to be used in the practice of the invention 
is not particularly restricted, and for example, there may 
be mentioned domestic fowls domesticated for eating, 
35 spawning and the like purpose such as a chicken, turkey. 
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duck, ostrich and quail, and pet bird. Among them, a 
chicken and quail are preferred in view of easy 
availability and fertility as egg production species • 

As the retrovirus vector to be used in the invention, 
5 there may be mentioned vectors derived from Moloney murine 
leukemia virus (MoMLV) , Avian leukosis virus (ALV) , and the 
like. Among them, those derived from MoMLV are preferred, 
but the invention is not limited to these. 

In consideration of safety, the virus generally used 

10 as a transgenic vector is a self replication-defective 
virus producible by deleting either or whole of three 
species of genes gag, pol and env which are necessary for 
replication of virus particles. For efficiently infecting 
a bird cell with this virus vector, virus vectors 

15 obtainable by artificially converting a coat protein to a 
VSV-G (vesicular stomatitis virus origin) pseudo type one 
are preferred, but the invention is not limited to this 
virus type. 

Pseudo type virus vectors prepared using a packaging 

20 cell, helper virus or the like are introduced into an early 
embryo, blood vessel, and heart by the general 
microinjection method (Bosselman R. A et al. (1989) Science 
243, 533), As the gene introduction method, in addition to 
that, lipofection, electroporation and the like methods can 

25 be mentioned. 

The gene to be introduced into the bird in the 
practice of the invention is not particularly restricted, 
but is constituted with a marker gene, a structural gene 
for expressing an intended protein, a promoter gene 

30 controlling expression of these genes, a secretory signal 
gene, and the like. 

As the above marker gene, there may be mentioned a 
neomycin resistance gene, p-galactosidase gene, LacZ gene, 
and a gene coding for a fluorescence protein such as GFP 

35 (green f luororescent protein) . 
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The above structural gene for expressing an intended 
protein is not particularly restricted, and there may be 
iTienticned a gene coding for an antibody or an enz^ine^ etc. 
useful in the filed of gene industry such as a human 
5 monoclonal antibody, and the like. Also usable are genes 
of other useful biologically active substances. 
Particularly preferred are structural genes of exogenous 
antibodies such as an antibody gene having the constant 
region belonging to class hioman IgG, antibody gene having 

10 the constant region belonging to subclass human IgGl, 
antibody gene having the constant region of quail IgG, 
chicken IgG, or mouse IgG in view of their preferable 
accumulation in eggs. 

Furthermore, preferred as the above structural gene 

15 is a structural gene of a chimera antibody. 

The chimera antibody refers to an antibody 
constituted of two or more different species of genetic 
characteristics . 

Conventionally, medical antibodies produced by mouse 

20 hybridoma are derived from mice, thus there has been a 

problem that the rejection occurs by the immune system when 
administered to human bodies. As the above chimera 
antibody, there may be mentioned, for example, chimera 
antibodies in which said defect is improved by substituting 

25 the regions other than those binding with an antigen 

protein among mouse antibodies with human antibodies to 
cause no rejection, such as an anti-human CD2 antibody, 
anti-CD20 receptor antibody and anti-TNF antibody, and some 
of them have already been placed on market as 

30 pharmaceutical products. 

Still more preferred as the above structural gene is 
a structural gene of an scFv-Fc antibody. 

Among medical recombinant antibodies, there is a 
group called ^^low molecular antibody". In immunoglobulin 

35 IgG, there is a domain comprising hetero dimmers of VH and 
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VL called Fv: Fragment of variable region directly binding 
with an antigen. The Fv domain alone has a sufficient 
antigen binding ability even though it has only about 1/5 
molecular weight relative to IgG. The one obtainable by 
5 artificially binding between the VH and VL domains with a 
peptide linker is a low molecular antibody called scFv: 
single chain Fv, and has been known to have improved 
stability as compared with VH and VL alone. 

Powers et al. (Powers, D.B et al. (2000) J Immunol 

10 Method. 251, 123) have found that by fusing an Fc portion 
derived from human IgGl to the scFv, the stability in blood 
is increased. This scFv-Fc antibody is thought to be 
useful for medical applications, but is not produced by 
Escherichia coli , which is a low-cost mass production 

15 system. 

As other preferable gene sequence mentioned above, 
there may be mentioned a structural gene of a fusion 
protein. 

A group of artificial proteins in which parts of two 

20 or more species of proteins are fused by gene recombination 
is called a fusion protein. Among those already have been 
put into practical use as pharmaceutical products, there 
are TNFR-Fc prepared by fusing Fc of immunoglobulin to a 
TNF receptor, LFA3-Fc prepared by fusing Fc to LFA3, or the 

25 like. These are artificial proteins designed to have 

stronger biological activity by fusing Fc to be solubilized. 

In the GO transgenic chimera bird of the invention, 
by using the human monoclonal antibody gene, chimera 
antibody gene, and scFv-Fc antibody gene mentioned above as 

30 the gene to be introduced into the bird, antibody 

pharmaceutical products which have conventionally been 
difficult to produce can be mass-produced at low cost. 

For example, in the case of the GO transgenic chimera 
bird introduced a chimera antibody gene, the antibody 

35 content in blood is preferably not less than 0.5 \xg/xal, 
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more preferably not less than 5 jag/ml . In albumen, it is 
preferably not less than 0.1 y.g/ml, more preferably not 
less than 1 y.g/ml, and in egg yolk, it is preferably not 
less than 0,1 \xg/ml, more preferably not less than 1 ]jg/ml . 
5 Moreover, in the case of the GO transgenic chimera 

bird introduced an scFv-Fc antibody gene, the antibody 
content in blood is preferably not less than 20 ]xg/ml, more 
preferably not less than 2000 ]ig/ml. In albumen, it is 
preferably not less than 5 iig/ml, more preferably not less 

10 than 500 )ig/ml, and in egg yolk, it is preferably not less 
than 5 |ig/ml, more preferably not less than 500 ]jg/ml. 

As the above-mentioned promoter gene, there may be 
mentioned a constitutive promoter. It is preferable when 
the antibody gene is controlled by the constitutive 

15 promoter since the antibody gene expression is stabilized. 
As more preferable constitutive promoter, there may be 
mentioned chicken p-actin promoter. 

The method of producing an antibody of the invention 
comprises producing the GO transgenic chimera bird of the 

20 invention, and recovering an antibody from blood and/or egg 
of the above GO transgenic chimera bird. 

Next, the method of producing the GO transgenic 
chimera bird of the invention is described. 

As one of said production method, there may be 

25 mentioned one which comprises incubating a bird fertile egg, 
infecting an early embryo after and exclusive of a 
blastodermal period immediately after the spawning with a 
replication-defective retrovirus vector, and then hatching 
the embryo. Furthermore, there may also be mentioned a 

30 method as one production method of the invention which 

comprises incubating a bird fertile egg, infecting an early 
embryo after the lapse of 24 hours or more from the start 
of the incubation with a replication-defective retrovirus 
vector, and then hatching the embryo. 

35 More preferred is a method comprising microinjecting 
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a replication-defective retrovirus vector to a heart or 
blood vessel formed in the early einbryo. 

That is, the method of producing the GO transgenic 
chimera bird of the invention comprises microinj ecting a 
5 replication-defective retrovirus vector to a fertile egg 
after the lapse of specific. time from spawning. Taking a 
chicken as an example for the early development of a 
fertile egg after spawning, firstly, the fertile egg 
fertilized within an oviduct starts cleavage after about 

10 1.5 hours from the fertilization. The egg in which 

discoidal cleavage is started with the state of cytoplasm 
being connected is cleaved for 1 day before released to 
outside the body, and becomes an embryo called blastoderm 
consisting of about 60,000 cells (blastoderm period). This 

15 blastoderm is observed as a white ring with a diameter of 3 
to 4 mm in the center of egg yolk. This embryo is divided 
into upper and lower layers to form a blastocele. The 
spawning occurs at about the time a hypoblast is formed. 
The primitive streak is formed, the blastoderm becomes to 

20 have triple structure i.e. upper, middle and lower layers, 
and then triploplast is formed. Thereafter, an embryo is 
formed and grown, and hatched on the 22nd day from the 
ovulation. The blastoderm period is also called a stage X. 
Since a productive cell generates from a part of the cell 

25 of this stage, the fertile egg of this period is 

conventionally used as a target of gene introduction. 

In the practice of the invention, the time when a 
fertile egg in a blastoderm period immediately after 
spawning is placed under the environmental condition suited 

30 for hatching, for example, in the case of chicken, 

temperature of 37.7 to 37. 8 ""C and humidity of 50 to 70%, is 
set as 0 hour, which was set as the start of incubation, 
and various treatments were conducted with time lapses. 
The formation of a blood vessel system was observed on egg 

35 yolk after 36 hours from the start of incubation in quails. 
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and about after 50 hours in chickens, and pulsation of the 
organ which is to be differentiated to a heart was. observed. 

For hatching the fertile egg introduced the above 
gene, the method comprising using an artificial eggshell 
5 developed by the present inventors (Kamihira, M. et al . 

(1998) Develop. Growth Differ., 40, 449) and the like can 
be applied. 

As the replication-defective retrovirus vector, gene 
to be introduced, and transgenic bird, which are used in 

10 the production method of the invention, there may be 

mentioned the same ones as of the GO transgenic chimera 
bird mentioned above. 

The transgene incorporated to the above replication- 
defective retrovirus vector preferably contains a gene 

15 sequence not derived form the retrovirus. Herein, in the 
production method of the invention, as the ^^gene not 
derived form the retrovirus", there may be mentioned the 
above structural gene, promoter gene, secretion signal gene, 
and the like. The above gene sequence not derived form 

20 retrovirus is preferably a gene sequence controlled by 

chicken (J-actin promoter, and a gene sequence coding for an 
antibody gene or a fusion protein is preferred. 

In the production method of the invention, it is 
preferable to microinject a replication-defective 

25 retrovirus vector having titers of not less than 1 x 10^ 
cfu/ml, preferably not less than 1 x 10® cfu/ml, more 
preferably not less than 1 x 10^ cfu/ml in view of the 
efficient gene introduction. 

The bird introduced the gene into the fertile egg by 

30 the production method of the invention grows as the 

transgenic bird having a transgene in its somatic cell in 
mosaic shape. The first generation transgenic bird is 
called the GO transgenic chimera bird. 

Such GO transgenic chimera bird obtained by the 

35 production method of the invention is also one aspect of 
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the invention. 

When the second and third generation bird born by 
mating the GO transgenic chimera bird and a nontransgenic 
bird, or the GO transgenic chimera bird each other is 
5 generated from a productive cell having a transgene in the 
chromosome/ the born bird grows up as an individual 
containing the transgene within the somatic cells of the 
entire body. The offspring inheriting the transgene from 
the individual of the GO transgenic chimera bird are called 

10 Gl, G2f G3 transgenic birds through generations. 

By mating the GO transgenic chimera bird of the 
invention with an allogeanic nontransgenic bird or mating 
type GO transgenic chimera bird, the transgene can be 
transmitted to offspring, and also a complete transgenic 

15 bird having the transgene in somatic cells of the entire 
body can be produced. Since the complete transgenic bird 
has somatic cells having a transgene at high ratio, it can 
be expected that the production amount of recombinant 
protein derived from a transgene is increased as compared 

20 with the GO transgenic chimera bird. Furthermore, by 
establishing the line of transgenic bird which stably 
transmits the transgene, it becomes possible to stabilize 
the quality as a protein production system. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

In the following, the present invention is described 
in detail by means of examples, however, these examples are 
no limitative of the scope of the invention. 

30 (Example 1) Preparation of a p-galactosidase expression 
vector construct 

p-galactosidase expression vector construct pMSCVNAAp 
was produced as follows. 
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1- A Rous sarcoma virus (RSV) promoter fragment was 
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cut from plasmid pLXRN (product of BD Biosciences Clontech) 
using restriction enzymes Xhol and Hindlll, and then 
inserted into Xiiol and Kindlll sites of plasmid 
pBluescriptllSK (+) (product of Stratagene) to produce 
5 plasmid pBlue/RSV. 

2. A p-galactosidase (p-Gal) gene fragment was cut 
from plasmid pCMVP (product of BD Biosciences Clontech) 
using restriction enzyme NotI, and then inserted into NotI 
10 site of plasmid pZeoSV2 (+) (product of Invitrogen 

Corporation) . The plasmid having the structure of a p-Gal 
gene being inserted in the same direction as T7 promoter 
was named pZeo/lacZ, 

15 3 . An RSV promoter fragment was cut from pBlue/RSV 

using restriction enzymes Xhol and PstI, A p-Gal gene 
fragment was cut from pZeo/lacZ using restriction enzymes 
PstI and Xhol. A vector fragment of plasmid pLNHX (product 
of BD Biosciences Clontech) treated with restriction enzyme 

20 Xhol was linked to the above two cut fragments to produce 
plasmid pLNRjJ. 

4. A fragment containing a series of Moloney murine 
sarcoma virus (MoMuSV) 5' -long terminal repeat (LTR) , virus 
25 packaging signal, and a neomycin resistance (Neo^) gene was 
cut from pLNHX using restriction enzymes Sad I and Xhol, 
and then linked to a vector fragment of pLXRN treated with 
restriction enzymes SacII and Xhol to produce plasmid pLXL. 

30 5. A p-Gal gene fragment was cut from pZeo/lacZ 

using restriction enzymes Hindlll and Xhol, and then linked 
to a vector fragment of pLXL treated with restriction 
enzymes Hindlll and Xhol to produce plasmid pLZL, 

35 6. By PCR (94'*C/15 seconds, 55''C/30 seconds. 
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72''C/1.5 minutes: 35 cycles; KOD-Plus-DNA polymerase 
(product of Toyobo Co., Ltd.)) using two chemo synthesis 
oligonucleotides 5' -cggtctagaggaattcagtggttcg-S' (SEQ ID 
N0:1) and 5^ -cca ggatcc gacgttgtaaaacgacg-3^ (SEQ ID N0:2; 
5 underlined portion is BamHI restriction enzyme site) as 
primers, 5' region fragment, of a hybrid promoter (Miw 
promoter) of RSV promoter and chicken p actin* (Act) 
promoter were amplified from plasmid pMiwZ (Suemori et al., 
1990, Cell Diff. Dev. 29: 181 to 185), cut with restriction 
10 enzymes BamHI and Muni, and then inserted into BamHI and 
Muni sites of plasmid pGREEN LANTERN-l (product of Gibco 
BRL) to produce plasmid pGmiw5' . 

7. A Miw promoter 5' -side central region fragment 

15 was cut from pMiwZ using restriction enzymes Muni and Clal, 
and then inserted into Muni and Clal sites of pGmiw5' to 
produce plasmid pGmiw5'-2* 

8. A fragment containing Miw promoter 5' region and 
20 5' -side central region was cut from pGmiw5'-2 using 

restriction enzymes BamHI and EcoRI, and then inserted into 
BamHI and EcoRI sites of pBluescript IISK (+) to produce 
plasmid pBlue/Miw5' . 

25 9. By PCR OS'^C/IS seconds, 60^C/30 seconds,. 72 •'C/30 

seconds: 35 cycles) using two chemosynthesis 
oligonucleotides 5' -cca aagctt gccgcagccattgcctttt-3^ (SEQ ID 
NO: 3; underlined portion is Hindlll restriction enzyme 
site) and 5^ -ata cctagg ggctggctgcggaggaac-3^ (SEQ ID NO: 4; 

30 underlined portion is Blnl restriction enzyme site) as 

primers, a Miw promoter 3' region fragment was amplified 
from pMiwZ, cut with restriction enzymes Hindlll and Blnl, 
and then linked to a vector fragment of pLXL treated with 
restriction enzymes Hindlll and Blnl to produce plasmid 

35 pLMiw3' . 
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10. A Miw promoter 3' -side central region fragment 
was cut from pMiwZ using restriction enzymes EcoRI and 
MboII. A Miw promoter 3' region fragment was cut from 

5 pLMiw3' using restriction enzymes MboII and Kpnl . The 

above two cut fragments were inserted into EcoRI and Kpnl 
sites of pBlue/Miw5' to produce plasmid pBlue/Miw. 

11. A fragment containing full length of Miw 

10 promoter was cut from pBlue/Miw using restriction enzymes 
BamHI and Blnl, and then linked to a vector fragment of 
pLXL treated with restriction enzymes BamHI and Blnl to 
produce plasmid pLML. 



15 12. An Act promoter fragment was cut from pLML using 

restriction enzymes Smal and Xbal, and then inserted into 
EcoRV and Xbal sites of pBluescript IISK (+) to produce 
plasmid pBlue/Act. 

20 13. A Miw promoter fragment was cut from pLML using 

restriction enzymes Hindlll and Bglll, and then linked to a 
vector fragment of pLZL treated with restriction enzymes 
Hindi I I and BamHI to produce plasmid pLMPL, 

25 14. An Act promoter fragment was cut from pBlue/Act 

using restriction enzymes Sail and Blnl. A p-Gal gene 
fragment was cut from pLM(JL using restriction enzymes Blnl 
and Bglll. The above two cut fragments were linked to a 
vector fragment of pLNRP treated with restriction enzymes 

30 Xhol and Bglll to produce plasmid pLNAp . 



15. By PGR (98°C/15 seconds, 60°C/30 seconds, 68*^0/2 
minutes: 30 cycles) using two chemosynthesis 
oligonucleotides 5' -ttta gctagc tgcagctcagtgcatgcac-3^ (SEQ 
35 ID NO: 5; underlined portion is Nhel restriction enzyme 
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site) and 5^ -ataa tctaga aacgcagcgactcccgc-3'^ (SEQ ID NO: 6; 
underlined portion is Xbal restriction enzyme site) as 
primers, an intron-def ective actin (AAct) promoter fragiaent 
was amplified from pMiwZ, and then a fragment containing a 
5 part of ZiAct promoter was cut using restriction enzymes 
Xhol (Xhol restriction enzyme site occurs in an 
cimplif ication fragment) and Xbal. A fragment containing a 
remaining portion of ZliAct promoter and p-Gal gene was cut 
from pLNAp using restriction enzymes Blnl and Bglll. The 
10 above two cut fragments were linked to a vector fragment of 
pLNAp treated with restriction enzymes Xbal and Bglll to 
produce plasmid pLNAAP . 

16. A fragment containing a series of Neo^ genes, 
15 AAct promoter, and (3-Gal gene was cut from pLNAA^ using 
restriction enzymes Blnl and Bglll, and then linked to a 
vector fragment of pLXL treated with restriction enzymes 
Blnl and Bglll to produce plasmid pLNAAp-2 . 

20 17. A fragment containing a series of Neo^ genes, 

ZiAct promoter, and (J-Gal gene was cut from pLNAAp-2 using 
restriction enzymes BamHI and Bglll, and then linked to a 
vector fragment of plasmid pMSCVneo (product of BD 
Biosciences Clontech) treated with restriction enzymes 

25 BamHI and Bglll. The plasmid in which BamHI and Bglll 
sites disappeared was named pMSCVNAAp. 

The structure of vector construct pMSCVNAAp of the 
thus produced replication-defective retrovirus vector was 
shown in Fig. 1. 

30 

(Example 2) Preparation of a p-galactosidase expression 
retrovirus vector 

In order to prepare a retrovirus vector from the 
vector construct pMSCVNZlAP produced in Example 1, 5 x 10^ 
35 packaging cell GP293 (product of BD Biosciences Clontech) 
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was sown in a 100 mm-diameter culture dish and cultured. 
The culture medium was changed for a flesh DMEM (Dulbecco's 
Modified Eagle's Medium), and 8 \ig of p-VSV-G vector 
(product of BD Biosciences Clontech) and 8 }ig of pMSCVNAAP 
5 were introduced into the above GP293 cells by the. 

lipofection method. After the lapse of 48 hours, the 
culture supernatant containing virus particles were 
recovered and filtered through a 0.45 accetylcellulose 
filter (Advantech Co., Ltd.) to remove impurities. The 
10 obtained solution was added with polybrene (product of 

Sigma Corporation) so as to be 10 ]xg/ml to prepare a virus 
solution. 

The prepared virus solution was added to GP293 cells 
cultured separately, and after the culture for 48 hours, 

15 the cells were successively cultured in a culture 

containing 600 ug/ml of G418 (product of GIBCO BRL) to 
obtain G418 stably transformed GP293 strain. 

The obtained stably transformed strain was cultured 
in a 10 mm-diameter dish so as to be 80% confluent, and 15 

20 ijg of pVSV-G vector was introduced thereto by the 

lipofection method. After the lapse of 48 hours, 12 ml of 
the culture supernatant containing virus particles was 
recovered. 

This culture supernatant was subjected to 
25 centrifugation at 50,000 g and 4°C for 1.5 hours to 

precipitate virus. After removal of the supernatant, 50 ]xl 
of 50 mM Tris-HCl (pH 7.8), 130 mM NaCl and 1 mM EDTA 
solution were added to the precipitate containing the virus 
particles. Then, the mixture was allowed to stand at 4°C 
30 overnight and suspended thoroughly to recover a virus 

solution. The thus obtained high titer virus vector was 
10^ to 10^ cfu/ml. 

The virus titer was measured as follows. The day 
before the measurement, 7 x lO'* NIH3T3 cells (purchased 
35 from American Type Culture Collection) were sown in a 35 
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mm-diameter dish and cultured. The virus solution diluted 
to 10^- to 10^-fold was added to each dish in 1 ml. After 
the lapse of 48 hours, the rate of cells expressing GFP 
(green fluorescent protein) was determined by a 
5 fluorescence microscope, and the titer was determined by 
the following calculation formula. 

Virus titer = (number of cells) x (dilution rate) x 
(expression ratio) (cfu/ml) 

10 (Example 3) Injection of the retrovirus vector to a quail 
embryo 

A quail fertile egg of WE lineage (Japan Bio Science 
Laboratory CO., Ltd.) was used. At the time when this 
fertile egg was placed in an incubator with a built-in 
15 automatic egg rotation device (product of Showafuranki Co., 
Ltd.; P-008 type) at 37.9°C and humidity of 65% was set as 
the incubation start time (0 hour) . Then, the incubation 
was carried out while rotating the egg at 90 degrees every 
15 minutes. 

20 At the start of the incubation, the fertile eggshell 

was sterilized with 7 0% ethanol, and the sharp-round end 
portion was cut with a diamond cutter (MINIMO 7C710, 
product of Minitor Co., Ltd.) in a 2 cm-diameter circle to 
expose the embryo. While observing the blastoderm with a 

25 stereoscopic microscope, a needle prepared by folding the 
end so as to have a diameter of about 20 ]xm from a glass 
tube (CD-I, product of Olympus Corporation) using a 
micropipette puller (PC-10, product of Olympus Corporation) 
was stuck, and about 2 p.1 of the virus solution prepared in 

30 Example 2 was microinj ected at the center of the 

blastodermal cavity using a microinj ector (Transjector 5246, 
product of Eppendorf, Co., Ltd.). After filling albumen up 
to the cut edge of this eggshell. Teflon film (MilliWrap, 
product of Millipore Corporation) and polyvinylidene 

35 chloride wrap (Saran Wrap, product of Asahi Kasei 
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Corporation) were used to cover the egg using albumen as a 
paste. Then, the incubation was carried out while . rotating 
the egg at 90 degrees every 15 minutes. 

After the lapse of 12 and 24 hours from the start of 
5 the incubation, virus was injected to the fertile. egg in 
the same manner. After about 36 hours from the start of 
inciabation, the generation of a blood vessel was confirmed 
on the egg yolk surface; a part thereof pulsed, thus it was 
observed that a part thereof becomes a heart field with a 
10 stereoscopic microscope. After the lapse of 36, 48 and 55 
hours from the start of incubation, 2 \xl of the virus 
solution prepared in Example 2 was microinjected to the 
heart using a microinjector . 

15 (Example 4) Injection of the retrovirus vector to a chicken 
embryo 

A chicken fertile egg (Japan Bio Science Laboratory 
CO., Ltd.) was used. At the time when this fertile egg was 
placed in an incubator with a built-in automatic egg 
20 rotation device (product of Showafuranki Co., Ltd.; P-008 
type) at 37.9®C and humidity of 65% was set as the 
incubation start time (0 hour) . Then, the incubation was 
carried out while rotating the egg at 90 degrees every 15 
minutes . 

25 At the start of the incubation, the fertile eggshell 

was sterilized with 70% ethanol, and the sharp-round end 
portion was cut with a diamond cutter (MINIMO 7C710, 
product of Minitor Co., Ltd.) in a 3.5 cm-diameter circle 
to expose the embryo. While observing the blastoderm with 

30 a stereoscopic microscope, a needle prepared by folding the 
end so as to have a diameter of about 20 ^m from a glass 
tube (CD-I, product of Olympus Corporation) using a 
micropipette puller (PC-10, product of Olympus Corporation) 
was stuck, and about 2 ]al of the virus solution prepared in 

35 Example 2 was microinjected at the center of the 
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blastoderiual cavity using a microinjector (Transjector 5246, 
product of Eppendorf, Co., Ltd.) . After filling albumen up 
to the cut edge of this eggshell. Teflon film (MilliWrap, 
product of Millipore Corporation) and polyvinylidene 
5 chloride wrap (Saran Wrap, product of Asahi Kasei . 

Corporation) were used to cover the egg using albumen as a 
paste. Then, the incubation was carried out while rotating 
the egg at 90 degrees every 15 minutes. 

After the lapse of 12 and 24 hours from the start of 

10 the incubation, the fertile egg was treated in the same 

manner. After about 50 hours from the start of incubation, 
the generation of a blood vessel was observed on the egg 
yolk surface; a part thereof pulsed, thus it was observed 
that a part thereof becomes a heart field with a 

15 stereoscopic microscope. After the lapse of 50, 55 and 60 
hours from the start of incubation, 2 ]il of the virus 
solution prepared in Example 2 was microinj ected to the 
heart using a microinjector. 

20 (Example 5) p-galactosidase activity measurement 

After the lapse of 115 hours from the start of the 
incubation, the embryo was taken out from the eggshell, and 
washed with PBS (phosphate buffer solution) to remove a 
membrane enclosing the embryo. The removed embryo was 
25 finely sheared, and added with 0.8 ml of a reaction buffer 
(10 mM KCl, 1 mM MgCl2/ 0.1% Triton X-100 (product of Wako 
Pure Chemical Industries, Ltd.), 5 mM 2-mercaptoethanol 
(product of Wako Pure Chemical Industries, Ltd.), and 2mM 
phosphate buffer pH 7.5), and subjected to ultrasonic 
30 disruption to obtain a cell liquid. 

0.6 ml of the cell liquid was incubated at 37 °C for 
10 minutes, and 0.1 ml of a liquid prepared by dissolving 4 
mg/ml of o-nitrophenyl-p-D-galactopyranoside (ONPG) 
(product of Sigma Corporation) in 0 . IM phosphate buffer (pH 
35 7.5) warmed in advance was added. After the reaction, 0.3 
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ml of IM NaaCOa (product of Wako Pure Chemical Industries, 
Ltd.) was added and the wavelength strength at 420. nm was 
measured with an adsorption meter. 

The p-galactosidase activity was expressed in terms 
5 of ONPG unit (1 unit: activity with which 1 \xnxol of o- 

nitrophenol is generated per minute) . The experiment was 
carried out three times, and the average value thereof was 
used as the p-galactosidase activity. 

The relation between the gene introduction time and 

10 p-galactosidase activity measurement result of chickens and 
quails was shown in Fig, 2 and Fig, 3. In quails, the (J- 
galactosidase gene introduced after 48 hours of the 
incubation, and in chickens, that introduced after 55 hours 
were expressed stronger than those introduced before. 

15 These findings suggest that the inactivation (silencing) 

mechanism of retrovirus for exogenous genes which the bird 
fertile eggs have is remarkable immediately after the 
fertilization, but becomes weakened with the time lapses. 
Thus, it becomes possible to produce a GO transgenic 

20 chimera bird efficiently expressing the transgene without 
being inactivated by introducing an intended gene to a 
fertile egg after the lapse of a specific time, which 
depends on the bird species. 

25 (Example 6) Efficiency of gene expression by virus titer 

The 1 X 10® cfu/ml virus solution prepared in Example 
2 was diluted with dilution solvents (50 mM Tris-HCl (pH 
7.8), 130 mM NaCl, and 1 mM EDTA solution) in three stages 
of 10-fold, 100-fold, and 1000-fold. Thus, 1 x 10\ 1 x 10^, 

30 and 1 X 10^ cfu/ml titer virus solutions were prepared. 

Quail fertile eggs were incubated, and to early development 
hearts after 48 hours, 2 \il of the prepared virus solutions 
were microinjected. In the same manner, as a control, 2 v^l 
of the dilution solvent alone was injected to an early 

35 development heart after 48 hours. 
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After the lapse of 115 hours from the start of the 
incubation, the p-galactosidase activity was measured 
according to Example 5. The relation between the virus 
titer and gene expression result in quails was shown in Fig. 
5 4. 

In the same manner, chicken fertile eggs were 
incubated, and to early development hearts after 55 hours, 
2 ijl of the prepared virus solutions were microinjected. 
As a control, 2 ]xl of the dilution solvent alone was 

10 injected to an early development heart after 55 hours. 

After the lapse of 115 hours from the start of the 
incubation, the p-galactosidase activity was measured 
according to Example 5. The relation between the virus 
titer and gene expression result in chickens was shown in 

15 Fig. 5. 

In the quail and chicken injected with 1 x 10° cfu/ml 
of virus, remarkable (5-galactosidase activity was observed, 
and in those injected with the lower concentrations, the 
expression amounts were low. It was suggested that the 
20 virus titer greatly affects the expression of transgene, 

that is, for efficiently expressing the transgene with the 
GO transgenic chimera bird of the invention, the use of 
high titer replication-defective vector is effective. 

25 (Example 7) Transition ability of a human antibody to a 
quail and chicken egg 

A mixture comprising human antibodies having three 
subclasses (IgG 1, 2, and 3) (product of Cosmo Bio Co., 
Ltd.) and the corresponding three species of antibody 

30 fragments (Fab-l, Fab-2, Fab-3, Fc-1, Fc-2, and Fc-3) 

(products of Cosmo Bio Co., Ltd.) were diluted with PBS so 
as to be 100 ijg/ml . 100 \xl of the diluted solutions were 
injected into veins under wings of quail adult birds (three 
birds) or chicken adult birds (three birds) . 

35 Eggs were collected from the next day to the 20th day 
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of the antibody injection into veins, and the antibodies 
transferred into eggs were quantified. Egg yolk and 
albiimen were diluted to 50% (W/V) and 10% (V/V) with PBS, 
respectively, and preserved in frozen state to be used as 
5 measurement samples, 

(Example 8) Quantification of an antibody in eggs by ELISA 
method 

An anti-human IgG antibody (product of Cosmo Bio Co., 

10 Ltd.) diluted with PBS was put into ELISA plates in 100 

^g/well, and allowed to stand at 4**C overnight. Each plate 
was washed with 200 ]il of PBS-0.05% Tween 20 solution three 
times, and then PBS-0.05% Tween 2.0 solution-2% skim milk 
was added in the wells in 150 |il/well. 

15 After allowing the mixtures to stand at room 

temperature for 2 hours, the wells were washed with 200 \il 
of PBS-0.05% Tween 20 solution three times. Then, blood, 
albumen and egg yolk samples were placed therein in 120 \il 
and the mixtures were allowed to stand at 4^C overnight. 

20 After returning these ELISA plates to room temperature, 

each well was washed with PBS-Tween 20 solution three times. 
Peroxide (POD) labeled anti-human IgG antibody (product of 
Cosmo Bio Co., Ltd.) diluted with PBS-0.05% Tween 20 
solution was put into each well in 100 vil/well, and allowed 

25 to stand for 1 hour at room temperature. 

The wells were washed with PBS-0 . 05%Tween 20 solution 
four times, and 100 ijl of a coloration liquid (prepared by 
dissolving 10 mg of o-phenylene diamine (product of 
Katayama Chemical Industry Co., Ltd.) in 1 ml of methanol, 

30 diluting with distilled water to be 100 ml, and adding 10 
Vil of hydrogen peroxide (product of Wako Pure Chemical 
Industries, Ltd.)) was added to the wells. Then, 50 \il of 
8M sulfuric acid was added to quench the reaction, and the 
fluorescence intensity at 490nm was determined with a plate 

35 reader to calculate the concentration from the standard 
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calibration curve. The result was obtained by averaging 
the antibody concentrations of the samples obtained from 
three quails and chickens. 

The standard antibody for standard calibration-curve 
5 construction (product of Cosmo Bio Co., Ltd.) was. diluted 
with 50% egg yolk-PBS (W/V) 

The antibody concentrations accxamulated' in quail and 
chicken eggs were shown in Fig. 6 and 7. The Fab and Fc 
fragment concentrations accumulated in quail and chicken 
10 eggs were shown in Fig, 8, 9, 10 and 11. 

In quails and chickens, it was found that human IgG 
antibody, while in subclass, human IgG2 and human IgGl, 
were efficiently accumulated in eggs. Moreover, since the 
Fc fragment showed high transition ability to eggs, it was 
15 suggested that Fc receptor intervenes the transition of 
human IgG. 

{Example 9) Production of an anti^CD2 antibody expression 
vector construct 
20 Vector constructs for anti-CD2 antibody expression 

pMSCV/GAAH, pMSCV/GZlAL, and pMSCV/GZ\ALIH were produced as 
follows. 

1. mRNA was obtained from human antibody (IgM)- 
25 producing hybridoma cell D253-15-6 (American Type Culture 
Collection HB-8789) using Quick Prep Micro mRNA 
Purification Kit (product of Pharmacia K.K.), and a cDNA 
library was prepared using First-Strand cDNA Synthesis Kit 
(product of Pharmacia K.K.) from the obtained mRNA. By PCR 
30 (94''C/1 minute, SO^'C/l minute, 72''C/1.5 minutes: 25 cycles; 
Taq DNA polymerase (product of PerkinElmer, Inc.)) using 
two chemo synthesis oligonucleotides 5'- 
atc ctcgag aggccaaagtacagtg-3'' (SEQ ID NO: 7; underlined 
portion is Xhol restriction enzyme site) and 5'- 
35 ccc ggatcc ctaacactctcccctgttgaagct~3^ (SEQ ID NO: 8; 
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underlined portion is BamHI restriction enzyme site) as 
primers, a gene fragment of human antibody L chain. k 
constant region (hCK) was amplified from the above cDNA 
library, cut with restriction enzymes Xhol and BamHI, and 
5 then inserted into Xhol and BamHI sites of plasmid 

pBluescript IIKS (-) , (product of Stratagene) to produce 
plasmid pBlue/hCK. 

2. In the same manner, by PCR using two 
10 chemo synthesis oligonucleotides 5'- 

a gcggccgc tacaggtgtccactccgacatcgtgatgacccagtctcc-3^ (SEQ ID 
N0:9; underlined portion is NotI restriction enzyme site) 
and 5^ -cct ctcgag gatagaagttat tcagcaggcacac-3 ^ (SEQ ID NO:10; 
underlined portion is Xhol restriction enzyme site) as 
15 primers, a gene fragment of human antibody L chain variable 
region (hVL) was amplified from the above cDNA library, cut 
with restriction enzymes NotI and Xhol, and then inserted 
into NotI and Xhol sites of pBluescript IIKS (-) to produce 
plasmid pBlue/hVL. 

20 

3. In the same manner, by PCR using two 
chemosyn thesis oligonucleotides 5' - 
ac ctcgag cgtggccgttggctgcctcgcaca~3^ (SEQ ID NO: 11; 
underlined portion is Xhol restriction enzyme site) and 5'- 

25 act aagctt acgttgtacagggtgggtttacc-3^ (SEQ ID NO:12; 

underlined portion is Hindlll restriction enzyme site) as 
primers, a gene fragment of human antibody H chain \x 
constant region (hCu) was amplified from the above cDNA 
library, cut with restriction enzymes Xhol and Hindlll, and 

30 then inserted into Xhol and Hindlll sites of pBluescript 
IIKS (-) to produce plasmid pBlue/hCp, 
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4. In the same manner, by PCR using two 
chemosynthesis oligonucleotides 5'- 

a gcggccgc tacaggtgtccactccgaggtgcagctggtggagtctgg-3^ (SEQ ID 
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NO: 13; underlined portion is NotI restriction enzyme site) 
and 5^ ~cacg ctcgag gtatccgacggggaattctcacagga-3'' (SEQ ID 
NO: 14; underlined portion is Xhol restriction enzyme site) 
as primers, a gene fragment of human antibody H chain 
5 variable region (hVH) was amplified from the above cDNA 
library, cut with restriction enzymes NotI and Xhol, and 
then inserted into NotI and Xhol sites of pBlUescript IIKS 
(-) to produce plasmid pBlue/hVH. 

10 5. From pBlue/hCK, hCx gene fragment was cut using 

restriction enzymes Xhol and BamHI, and then inserted into 
Xhol and BamHI sites of plasmid pCEP4 (product of 
Invitrogen Corporation) to produce plasmid pCEP4/hCK* 

15 6. Two chemosynthesis oligonucleotides 5'- 

ccc aagctt gatctccactgggatggtgggggccctcctcttgctgctg-3^ (SEQ 
ID NO: 15; underlined portion is Hindlll restriction enzyme 
site) and 5'- 

ccc ggatcc tcagtcaaggcgccttcgcatgaagaggccgatccccagggccaccacca 
20 gcagcaagaggagggcccc-3' (SEQ ID NO: 16; underlined portion is 
BamHI restriction enzyme site) were annealed over 21 bps 
with a complementary 3' end to produce a gene fragment of 
epidermal growth factor receptor membrane penetration 
region (TM) by DNA double strand synthesis reaction using 
25 T4 DNA polymerase (Takara Shuzo Co., Ltd.). The obtained 
TM gene fragment was treated with restriction enzymes 
Hindi I I and BamHI, and then inserted into Hindi I I and BamHI 
sites of pBluescript IIKS {-) to produce plasmid pBlue/TM. 

30 7. From pBlue/hCu, hCy gene fragment was cut using 

restriction enzymes Xhol and Hindlll, and then inserted 
into Xhol and Hindlll sites of pBlue/TM to produce plasmid 
pBlue/hCiJTM. 
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8 . From pBlue/hC^TM, a fragment containing a series 



36 



of hC]i genes and TM gene was cut using restriction enzymes 
Xhol and BaroHI, and then inserted into Xhol and BamHI sites 
of pCEP4 to produce plasmid pCEP4/hCiJiTM. 

5 9. pCEP4/hCiaTM was cut with restriction enzyme BamHI, 

and the end was treated to be smooth with T4 DNA polymerase 
to produce plasmid pCEP4/hCviTMAB by self ligation. 

10. By site-specific mutagenesis using a 
10 chemo synthesis oligonucleotide 5'- 

tgaagacagat ggcgcc gccacagttcgttt-3^ (SEQ ID NO: 17; 
underlined portion is Narl restriction enzyme site) , 
restriction enzyme Narl site was introduced into 3' end of 
hVL contained in pBlue/hVL without changing the amino acid 
15 codons to produce plasiaid pBlue/hVLN. - 

11. By site-specific mutagenesis using a 
chemosyn thesis oligonucleotide 5'- 

tggggcggatgc ggatcc tgaggagacggt-3^ (SEQ ID NO: 18; underlined 
20 portion is BamHI restriction enzyme site) , restriction 
enzyme BamHI site was introduced into 3' end of hVL 
contained in pBlue/hVL without changing the amino acid 
codons to produce plasmid pBlue/hVHB. 

25 12. mRNA was obtained from anti-human CD2 mouse 

antibody-producing hybridoma cell TS2/18.1.1 (American Type 
Culture Collection HB-195) using Quick Prep Micro mRNA 
Purification Kit, and a cDNA library was prepared using 
First-Strand cDNA Synthesis Kit from the obtained miRNA. By 

30 PCR using two chemo synthesis oligonucleotides 5'- 

c gcggccgc ctcagggaaagtttgaagatg-3^ (SEQ ID NO: 19; underlined 
portion is NotI restriction enzyme site) and 5'- 
c ggcgcc gccacagtccgttttatttccagcttggt-3^ (SEQ ID NO: 20; 
underlined portion is Narl restriction enzyme site) as 

35 primers, a gene fragment of mouse antibody L chain variable 
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region (mVL) was amplified from the above cDNA library, cut 
with restriction enzymes NotI and Narl, and then inserted 
into NotI and Narl sites of pBlue/hVLN to produce plasmid 
pBlue/mVL. 

5 

13. In the same manner, by PGR using two 
chemo synthesis oligonucleotides 5'- 

c gcggccgc gaacacggamccctcaccatg-3*' (SEQ ID NO: 21; underlined 
portion is NotI restriction enzyme site) and 5'- 

10 c ggatcc tgcagagacagtgaccagagt-3^ (SEQ ID NO: 22; underlined 
portion is BamHI restriction enzyme site) as primers, a 
gene fragment of mouse antibody H chain variable region 
(mVH) was amplified from the above cDNA library, cut with 
restriction enzymes NotI and BamHI, and then inserted into 

15 NotI and BamHI sites of pBluescript IIKS (-) to produce 
plasmid pBlue/mVH, 

14. From pBlue/mVL, mVL gene fragment was cut with 
restriction enzymes NotI and Xhol, and then inserted into 

20 NotI and Xhol sites of pCEP4/hCK to produce plasmid 
pCEP4/IgLK. 

15. From pBlue/hVHB, hVH gene fragment was cut with 
restriction enzymes NotI and Xhol, and then inserted into 

25 NotI and Xhol sites of pCEP4/hCviTMAB to produce plasmid 
pCEP4/hIgHiaTM. 

16. From pBlue/mVH, mVH gene fragment was cut with 
restriction enzymes NotI and BamHI, and then linked to a 

30 vector fragment of pCEP4/hIgHuTM treated with restriction 
enzymes NotI and BamHI to produce plasmid pCEP4/IgHiJTM. 

17. From plasmid pMSCVneo (product of BD Biosciences 
Clontech) , a fragment containing a series of murine 

35 phosphoglycerate kinase (PGK) promoters and Neo^ gene was 
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removed with restriction enzymes Bglll and BamHI, and 
plasmid pMSCV was produced by self ligation of the. remained 
vector fragment. 

5 18. From plasmid pGREEN LANTERN-1 (product of Gibco 

BRL) , GFP gene fragment was. cut with restriction enzyme 
NotI, and then inserted into NotI site of pZeoSV2 (+) . The 
plasmid having the structure of GFP gene being inserted in 
the same direction as T7 promoter was named pZeo/GFP. 

10 

19. From pZeo/GFP, GFP gene fragment was cut with 
restriction enzymes EcoRI and Xhol, and then linked to a 
vector fragment of pMSCV treated with restriction enzymes 
EcoRI and Xhol to produce plasmid pMSCV/G. 

15 

20. mRNA was obtained from human antibody (IgGl) 
producing myeloma cell IM-9 (Japanese Collection of 
Research Bioresources 0024) using mRNA isolation kit 
(product of Roche Ltd.), and a cDNA library was prepared 

20 using ReverTra Ace (product of Toyobo Co., Ltd.) from the 
obtained mRNA. By PGR (95°C/2 minutes, 52''C/30 seconds, 
74**C/3 minutes: 30 cycles; Pfu DNA polymerase (product of 
Promega Corporation) ) using two chemosynthesis 
oligonucleotides 5' -caagcttcaagggcccat-3' (SEQ ID NO: 23) 

25 and 5' -atttacccggagacaggga-3' (SEQ ID NO: 24), a gene 
fragment of human antibody H chain yl constant region 
(hCyl) was amplified from the above cDNA library. 
Furthermore, by PGR (94*^0/15 seconds, 58**C/30 seconds, 
eS'^C/l minute: 30 cycles; KOD-plus-DNA polymerase) using 

30 two chemosynthesis oligonucleotides 5'- 

ata ggatcc gctagcttcaagggcccatcg-3^ (SEQ ID NO: 25; underlined 
portion is BamHI restriction enzyme site) and 5'- 
agc aagctt tcatttacccggagacaggga-3^ (SEQ ID NO: 2 6; underlined 
portion is Hindlll restriction enzyme site) , as primers, 

35 hCyl gene fragment was amplified from the above PCR product. 
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cut with restriction enzymes BamHI and Hindlll, and then 
inserted into BamHI and Hindlll sites of pBluescript IISK 
{+) to produce plasmid pBlue/hCvl* 

5 21. From pCEP4/IgH|iTM, mVH gene fragment was cut 

with restriction enzymes Hindlll and BamHI. From 
pBlue/hCYlf hCyl gene fragment was cut with restriction 
enzymes BamHI and Hindlll. To a vector fragment of plasmid 
pETBlue-2 (product of Novagen, Inc.) treated with 
10 restriction enzyme Hindlll, the above two cut fragments 
were linked to produce plasmid pETBlue/IgHyl . 

22. From pETBlue/IgHylf a gene fragment of antibody 
H chain yl (IgHyD was cut with restriction enzyme Hindlll/ 

15 and inserted into Hindlll site of pMSCV/G. The plasmid 
having the structure of IgHyl gene being inserted in the 
same direction as GFP gene was named pMSCV/GH. 

23. By PGR (94°C/15 seconds, 50°C/30 seconds, 68°C/1 
20 minute: 10 cycles; 94°C/15 seconds, 62°C/30 seconds, 68°C/1 

minute: 30 cycles) using two chemosynthesis 

oligonucleotides 5^ -acgc gtcgac gtgcatgcacgctcattg-3'^ (SEQ ID 
NO: 27; underlined portion is Sail restriction enzyme site) 
and 5^ -acgc gtcgac aacgcagcgactcccg-3^ (SEQ ID NO: 28; 
25 underlined portion is Sail restriction enzyme site) as 

primers, AAct promoter fragment was amplified from pMiwZ, 
cut with restriction enzyme Sail, and inserted into Sail 
site of pETBlue-2 to produce plasmid pETBlue/AAct . 

30 24. From pETBlue/Aact, AAct promoter fragment was 

cut with restriction enzyme Sail, and inserted into Xhol 
site of pMSCV/GH. The plasmid having the structure of AAct 
promoter being inserted in the same direction as IgHyl gene 
was named pMSCV/GAAH. 
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25. By PGR (95°C/30 seconds, SO^'C/SO seconds, lA^'C/l 
minutes: 10 cycles; 95°C/30 seconds, 60°C/30 seconds, 
74°C/2 minutes: 30 cycles; Pfu DNA polymerase) using two 
chemosynthesis oligonucleotides 5' - 

aat gtcgac atggtgtccacttctcagctc~3^ (SEQ ID NO: 29; underlined 
portion is Sail restriction. enzyme site) and 5'- 
ttc gtcgac ctaacactctcccctgttgaa-3^ (SEQ ID NO: 30; underlined 
portion is Sail restriction enzyme site) as primers, a gene 
fragment of antibody L chain k (IgLK) was amplified from 
pCEP4/IgLK, cut with restriction enzyme Sail, and then 
inserted into Sail site of pETBlue-2 to produce plasmid 
pETBlue/IgLK. 

26. From pETBlue/A Act, ZiAct promoter fragment was 
cut with restriction enzyme Sail, and then inserted into 
Xhol site of pMSCV/G. The plasmid having the structure of 
Z\Act promoter being inserted in the same direction as GFP 
gene was named pMSCV/GAA. 

27. From pETBlue/ IgLK, IgLK gene fragment was cut 
with restriction enzyme Sail, and then inserted into Sail 
site of pMSCV/GZ\A. The plasmid having the structure of 
IgLK gene fragment being inserted in the same direction as 
AAct promoter was named pMSCV/GAAL. 

28. By PGR {94''C/15 seconds, GO'^C/SO seconds, 68''C/1 
minute: 30 cycles) using two chemosynthesis 

oligonucleotides 5' -acqc qtcgac cgcccctctccctccccc-3^ (SEQ ID 
NO: 31; underlined portion is Sail restriction enzyme site) 
and 5' --ccg ctcgag attatcatcgtgtttttcaaaggaaaaccacgtc-3" (SEQ 
ID NO: 32; underlined portion is Xhol restriction enzyme 
site) as primers, IRES fragment was amplified from plasmid 
pLXIN (product of BD Biosciences Clontech) , cut with 
restriction enzymes Sail and Xhol, and then inserted into 
Sail and Xhol sites of pETBlue-2 to produce plasmid 
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pETBlue/IRES. 

29. From pETBlue/IRES, IRES fragment was cut with 
restriction enzymes Sail and Xhol, and then inserted into 

5 Sail site of pMSCV/GZ\AH. The plasmid having the structure 
of IRES being inserted in the same direction as IgHyl gene 
was named pMSCV/GAAIH. 

30. From pETBlue/IgLK, IgLK gene fragment was cut 
10 with restriction enzyme Sail, and then inserted into Sail 

site of pMSCV/GAAIH. The plasmid having the structure of 
IgLK gene fragment being inserted in the same direction as 
AAct promoter was named pMSCV/GAALIH, 

The thus produced vector constructs of replication- 
15 defective retrovirus vector pMSCV/GAAH, pMSCV/GAAL and 
pMSCV/GAALIH were shown in Fig. 12. 

(Example 10) Production of anti-CD2 antibody expressing GO 
transgenic chimera quail 
20 According to Example 2, three species of retrovirus 

vectors were prepared from vector constructs pMSCV/GZiAH, 
pMSCV/GAAL and pMSCV/GZ!iALIH . The titers of these 
retrovirus vectors were measured and found to be 10® cfu/ml 
to 10^ cfu/ml. 

25 The obtained retrovirus vectors were microinj ected to 

hearts of quail fertile eggs after 36 hours from the start 
of inciabation according to Example 3, and the eggs were 
incubated while rotating the eggs at 90 degrees every 15 
minutes at 37.9°C and humidity of 65%. 

30 In order to cause an antibody comprising a light 

chain and heavy chain to be expressed in transgenic animals, 
presumable are a method comprising introducing a vector 
expressing a light chain and vector expressing a heavy 
chain individually, and a method comprising dividing genes 

35 expressing a light chain and genes expressing a heavy chain 
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with a sequence such as IRES, and introducing thereof as 
the same vector. Thus, injection was carried out 
separately in a case where pMSCV/GAAH and pMSCV/GAAL were 
infected at the same time {Example 11 and Experiment 
5 Example 1) , and a case where a vector prepared by. 
pMSCV/GZiALIH was introduced, alone (Example 11 and 
Experiment Example 2) . 

After 48 hours from the start of incubation, that the 
generation normally proceeded was confirmed/ and then the 

10 virus-introduced embryo was transferred to an S size hen 

egg in which a 4 cm-diameter circle was holed on the blunt- 
round end. With placing the embryo upside to be exposed to 
air, 0.5 ml of a calcium lactate (product of Sigma 
Corporation) solution suspended in albumen at the 

15 concentration of 50 mg/ml was added, and the egg was sealed 
' with wrap using alb\amen as a paste. The egg was again 

placed in an incubator, and incubated for 13 days at 37.9°C 
and humidity of 65% with rotations at 60 degrees every hour. 
Then, the rotation was stopped and the egg was allowed to 

20 stand. When the embryo shifted to pulmonary respiration, a 
small hole was made on wrap with a needle to assist 
respiration. When blood in chorioallantois reduced, a baby 
chick was taken out from the incubator and hatched. 

25 (Example 11) Deteimination of the concentration of anti-CD2 
antibody in serum and egg 

GO transgenic chimera quails hatched in Example 10 
were bred for one month to grow baby chicks. After 30 and 
60 days, blood was sampled from veins under wings of the 

30 grown GO transgenic quails to obtain blood samples. The 

obtained blood was centrifuged for 10 minutes at 15,000 rpm, 
and the amount of anti-CD2 antibody was determined from 
serum obtained as supernatant. 

After 1.5 months from the hatch, eggs were collected 

35 from female transgenic quails which started egg laying, and 
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the amount of anti-CD2 antibody in albumen and egg yolk 
prepared according to Example 7 was determined by ELISA 
method according to Example 8 . 

The quantification results of Experiment Example 1 
5 and Experiment Example 2 were shown. 

(Experiment Example 1) 

The GO transgenic chimera quail (individual 
identification number #1113) simultaneously infected with 
10 vectors (3 to 4 x 10® cfu/ml) prepared from pMSCV/GZ\AH and 
pMSCV/GAAL expressed anti-CD2 antibody at concentrations of 
0.6 ijg/ml in egg yolk, and 0.5 ]xq/ml in albumen. 

(Experiment Example 2) 
15 The GO transgenic chimera quail (#4202) introduced a 

* vector prepared from pMSCV/GZ\ALIH (5 x 10^ cfu/ml) alone 
expressed 5.2 pg/ml of anti-CD2 antibody in serum. 

(Example 12) Production of an scFv-Fc antibody expression 
20 vector construct 

ScFv-Fc antibody expression vector construct 
pMSCV/scFv-Fc was produced as follows. 

1. Two chemosyn thesis oligonucleotides having 

25 phosphorylated 5' ends 5'- 

ctaga ccatgaggtctttgctaatcttggtgctttgcttcctgcccctggctgctctgg 
gg"3^ (SEQ ID NO: 33; ctaga is Xbal recognition site end, 
and 22 is Haelll recognition site end) and 5'- 
ccccagagcagccaggggcaggaagcaaagcaccaagattagcaaagacctcatggt- 

30 3' (SEQ ID NO: 34; cc is Xbal recognition site end, and t is 
Haelll recognition site end) were annealed to prepare a 
gene fragment of lysozyme secretion signal. By PGR 
(94^C/15 seconds, SS^'C/SO seconds, 68°C/1 minute: 30 
cycles; KOD-Plus-DNA polymerase) using two chemo synthesis 

35 oligonucleotides 5' ~gcgt^tJLaaagtgacgttggacgtccg--3' (SEQ ID 



44 



NO: 35; tttaaa is Dral restriction enzyme site) and 5'- 
atta ggatcc gcgcttaaggacggtcagg-3'' (SEQ ID NO: 36; ggatcc is 
BamHI restriction enzyme site) as primers, an scFv gene 
fragment was amplified from plasmid pPDS/scFv containing a 
5 gene of a single strand antibody (scFv) prepared from HUC2- 
13 cell chicken antibody variable region gene (Nakamura et 
al., 2000, and Cytotechnology 32: 191-198), ahd cut with 
restriction enzymes Dral and BamHI . The above two prepared 
fragments were inserted into Xbal and BamHI sites of 
10 pBluescript IISK (+) to produce plasmid pBlue/scFv. 

2 . The scFv gene fragment was cut with restriction 
enzymes NotI and BamHI from pBlue/scFv, and then inserted 
into NotI and BamHI sites of pCEP4 to produce plasmid 

15 pCEP4/scFv. 

3. mRNA was obtained from human IgGl-producing 
myeloma cell IM-9 using the mRNA isolation kit, and a cDNA 
library was prepared using ReverTra Ace from the obtained 

20 mRNA. By PGR {95°C/2 minutes, 52°C/30 seconds, 74''C/3 
minutes: 30 cycles; Pfu DNA polymerase) using two 
chemosynthesis oligonucleotides 5' -caagcttcaagggcccat-3' 
(SEQ ID NO:23) and 5' -atttacccggagacaggga-3' (SEQ ID NO:24) 
as primers, hCyl gene fragment was amplified from the above 

25 cDNA library. Furthermore, by PGR (94''G/15 seconds, 

SS^'C/SO seconds, es^'C/l minute: 30 cycles; KOD-plus-DNA 
polymerase) using two chemosynthesis oligonucleotides 5'- 
atta ggatcc gagcccaaatcttqtgacaaaactc-3^ (SEQ ID NO: 37; 
ggatcc is BamHI restriction enzyme site) and 5'- 

30 agc aagctt tcatttacccggagacaggga-3'' (SEQ ID NO: 26; aagctt is 
Hindlll restriction enzyme site) as primers, a gene 
fragment of human antibody H chain yl Fc region (Fc) was 
amplified from the above PGR product, cut with restriction 
enzymes BamHI and Hindlll, and then inserted into BamHI and 

35 Hindlll sites of pBluescript IISK (+) to produce plasmid 
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pBlue/Fc. 

4. From pCEP4/scFv, an scFv gene fragment was cut 
with restriction enzymes Hindlll and BamHI • From pBlue/Fc, 
5 Fc gene fragment was cut with restriction enzymes BamHI and 
Hindlll. The above two cut fragments were inserted into 
Hindlll site of pBluescript IISK (+) to produce plasmid 
pBlue/scFv-Fc . 

10 5, From pBlue/scFy-Fc, a gene fragment having the 

structure of human antibody H chain yl'Fc being linked to a 
chicken single chain antibody variable region (scFv-Fc) was 
cut with restriction enzyme Hindlll/ and linked to a vector 
fragment of pMSCV/GZVAH treated with restriction enzyme 

15 Hindlll, The plasmid having the structure of an scFv-Fc 
gene being linked in the same direction as Z\Act promoter 
was named pMSCV/GAAscFv-Fc . 

The structure of thus produced vector construct 
pMSCV/GZlAscFv-Fc of the replication-defective retrospective 

20 virus vector was shown in Fig. 13, 

(Example 13) Production of scFv-Fc antibody expressing GO 
transgenic chimera quails 

According to Example 2, a retrovirus vector was 
25 prepared from vector construct pMSCV/GZ!LAscFv-Fc . The titer 
of this retrovirus vector was determined and found to be 
10® cfu/ml to 10^ cfu/ml. 

According to Example 3^ the obtained virus vector 
solution was microinjected into hearts of quail fertile 
30 eggs after 3 6 hours from the start of incubation. The eggs 
were hatched according to Example 10 to produce GO 
transgenic chimera quails. 

(Example 14) Determination of the concentration of scFv-Fc 
35 in serum and egg 
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GO transgenic chimera quails produced in Example 13 
were bred for one month to grow baby chicks. After the 
lapse of 30 and 60 days, blood was sampled from veins under 
wings of the grown GO transgenic chimera quails (individual 
5 identification number #3303, #3306, #3310, #3311, and 
#3313) to obtain blood samples. The obtained blood was 
centrifuged at 15, OOOrpm for 10 minutes, and the amount of 
scFv-Fc antibodies was determined from serum obtained as 
supernatant . 

10 Eggs were collected from female transgenic quails 

which started egg laying (individual identification nximber 
#3310) after 1.5 months from the hatch, and the amount of 
scFv-Fc antibody in albumen and egg yolk prepared according 
to Example 7 was quantitated by ELISA method according to 

15 Example 8 . 

The standard calibration curve was constructed using 
a purified scFv-Fc. Vector construct pMSCV/scFv-Fc 
produced in Example 12 was introduced into GP293 cell by 
the lipofection method, and the culture supernatant was 

20 centrifuged at 3000 rpm and 4*^0 for 10 minutes to remove 

solid matters. While cooling, this supernatant was stirred 
and gradually added with finely crushed ammonium sulfate so 
as to be 50% saturation (313 g ammonium sulfate/1000 ml 
water) to precipitate protein. The mixture was allowed to 

25 stand at 4®C overnight, and centrifuged at 15,000 rpm and 
4^*0 for 10 minutes to completely precipitate the protein. 
The precipitated protein was then dissolved in a small 
amount of PBS, and dialyzed by 2 L of PBS three times to 
remove ammonium sulfate. 

30 The initial washing of the protein G column for 

purification (product of Perseptive Biosystems, Inc.) was 
carried out using 10 mL of a binding buffer (NaHP04 '21120 
1.56 g/1, NaHP04-12H20 7 .16 g/1) , 10 ml of a wash buffer 
(acetic acid 20%, distilled water 80%), and 10 ml of the 

35 binding buffer (flow rate 2 ml/min.) in this order. The 
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protein liquid dissolved in PBS was flowed at 1 ml/min. and 
an scFv-Fc was adsorbed on a column. By flowing 20 ml of 
the binding buffer at 1.7 ml/min., unnecessary protein was 
removed, and an elution buffer (prepared with glycine 7.507 
5 g/1 and 2N HCl to pH of 2.5 to 3.0) at 1 . 5 ml/min. to elute 
the scFv-Fc. 

The eluted fraction was dialyzed with PBS (2L) three 
times to obtain a purified scFv-Fc, and the protein 
concentration was quantitated from the adsorption at a 

10 wavelength of 280 nm. 

The cimount of the scFv-Fc in blood serum sampled 
after 30 and 60 days of the GO transgenic chimera quails 
produced in Example 14 was shown in Fig. 14. The GO 
transgenic chimera quail introduced an scFv-Fc antibody 

15 expression gene expressed about 2 mg/ml to 4 mg/ml of 

antibody in serum at 30th day, and three of five birds also 
showed the same extent of expression amount. 

From the day that the GO transgenic chimera quail 
(#3310) started egg laying, the amount of scFv-Fc in egg 

20 yolk and albumen was shown in Fig. 15. The antibody was 

expressed in about 500 pg/ml to 1 mg/ml in albumen and egg 
yolk. Even there was a slight variation from the start of 
egg laying to the 17th day, a stable expression amount was 
maintained. 

25 

(Example 15) Confirmation of the scFv-Fc structure 

From 1 ml of GO transgenic chimera quail serum 
produced in Example 13, an scFv-Fc was purified from 
ammonium sulfate precipitate and the protein G column 

30 according to Example 10. The purified scFv-Fc was analyzed 
by SDS-PAGE, and the result was shown in Fig. 16. From the 
untreated lane, the scFv-Fc molecular weight of about 120 
kDa was shown. Since the molecular weight of the scFv-Fc 
subjected to reduction treatment was about a half of the 

35 untreated ones (about 60 kDa) , it was found that the scFv- 
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Fc produced by a GO transgenic chimera quail forms a dimer 
by an S-S bond. These corresponded to the structural 
feature of the scFv-Fc having a cysteine residue involved 
with an S-S bond in Fc portion, thus it was suggested that 
5 scFv-Fc produced by a GO transgenic chimera quail . retained 
the correct structure. 

(Example 16) Production of TNFR-Fc fusion protein 

expressing GO transgenic chimera chickens 
10 According to Example 9, TNFR-Fc expression vector 

construct was produced, and a retrovirus vector was 

produced according to Example 2 . The titer of this 

retrovirus vector was 1.7 x 10^ cfu/ml. 

The obtained virus vector solution was microinj ected 
15 to chicken fertile egg hearts after 55 hours from the start 

of incubation according to Example A, and hatched according 

to Example 10 to produce GO transgenic chimera chickens. 

The solution was injected to eight fertile eggs, and 

four birds were hatched. TNFR-Fc in serum was quantitated 
20 according to Example 14, and TNFR-Fc of 50 ug/ml at the 

maximum was found to be expressed. 

INDUSTRIAL APPLICABILITY 
The GO transgenic chimera bird of the present 

25 invention can efficiently express a gene introduced using a 
replication-defective retrovirus vector without causing 
inactivation. Moreover, the production method of a GO 
transgenic chimera bird of the present invention makes it 
possible to introduce a gene of a chimera antibody, for 

30 example of an scFv-Fc antibody, and to produce birds 

capable of efficiently expressing the antibody in blood and 
eggs. Furthermore, the production method of an antibody of 
the present invention comprises producing a GO transgenic 
chimera bird producing a chimera antibody, for example an 

35 scFv-Fc antibody, recovering and purifying the antibody 
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from seriim and eggs of the bird, thus the efficient 
production of an antibody becomes possible, 
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